The work reported here explores the impact of polymer morphology on the physics and performance of perylene benzimidazole / poly(3-hexylthiophene) bilayer photovoltaic devices. By varying both the annealing temperature and the solvent used for polymer deposition, we demonstrate control of the polymer chain morphology. An increase in the relative ordering of the polymer chain conformation is observed through a shift in the absorption onset and absorption spectral shape, and results in improved photovoltaic performance.
INTRODUCTION
During the last decade, semiconducting polymers have been rapidly developing as a novel class of optoelectronic materials with applications including light-emitting diodes (OLEDs) and photovoltaics. This is motivated in large part by their promise of low cost, low-toxicity manufacturing methods, tunable optical properties, and the possibility of lightweight, flexible large area panels. Although the two devices are fundamentally opposite (electricity in and light out for OLEDs, and light in and electricity out for photovoltaics) many of the material and scientific issues for these devices are the same and as such, knowledge gained in one field is synergistic with the other.
The performance of polymer-based photovoltaics is limited by factors such as the exciton diffusion length, the polymer absorption spectrum, and charge carrier mobility. We address the latter by investigating the effects of processing conditions on the polymer thin film morphology to achieve improved charge transport properties.
EXPERIMENTAL METHODOLOGY
The hole conducting polymer regioregular poly(3-hexylthiophene) (P3HT) (Fig. 1a) is spin cast from solutions of 6 g/l in either chloroform or 1,2-dichlorobenzene to create films of approximately 35 nm thickness on glass substrates for the absorption spectra studies. The polymer film thickness is measured by atomic force microscopy. P3HT has been chosen both for its broadened absorption spectrum (absorption extends up to 650 nm, whereas the commonly used PPV-based polymer absorption cuts off at 600 nm) as well as its tendency to form more ordered polymer chain film morphologies, with corresponding improvements in charge transport properties. 1, 2 Regio-regular P3HT is purchased from Alderich. The polymer is purified by soxlet extraction: first in hexanes and subsequently in chloroform. This process selects the higher-molecular weight fractions and removes impurities. For solar cell devices, we examine polymer -small molecule organic heterojunction devices to probe the effects of polymer processing conditions on photovoltaic performance. This heterojunction interface exhibits high exciton dissociation efficiency, leading to power conversion efficiencies that are greater than cells constructed from either component alone. 3 Electron accepting perylene benzimidazole (PBI) (Fig. 1b) films are thermally evaporated to a thickness of 20 nm; the polymer is spin cast on top of the PBI. Due to the insolubility of PBI in all solvents involved, we do not expect any mixing between the perylene and the polymer films, though the interface may be rough due to the semi-crystalline nature of the PBI. Thermal annealed does not change the absorption spectrum of the PBI. The thickness of the PBI layer is measured by its absorption spectra coefficient. 4 These two photoactive layers are sandwiched between ITO (indium tin oxide) and gold electrodes. Device area is 4.5 mm 2 . Absorption spectra are taken using an HP8453 spectrophotometer. Current densityvoltage curves are taken using a Keithly 238 source-measure unit by sourcing ITO positive and Au negative in forward bias. White light is provided by a xenon lamp, calibrated at 100 mW/cm 2 using a silicon photocell. All current density -voltage measurements are taken under argon atmosphere.
Non-annealed P3HT films are dried under argon atmosphere at room temperature overnight and then held under 5x10 -7 
RESULTS AND DISCUSSION

Effects of polymer annealing temperature
The degree of order in polymer films can have a drastic effect on both absorption properties and charge transport.
1,2,5 Regiorandom P3HT, for example, differs from the regioregular material only by the random variation of the C 6 H 13 side groups from position 3 to position 4 on the thiophene ring, whereas the position is fixed at 3 for the regioregular material. This has a drastic effect on the absorption: the absorption peak for the regioregular material is shifted to lower energies and shows more vibronic structure, all indicative of a higher degree of polymer chain ordering. It has also been demonstrated that the regiorandom material excitations consist primarily of intra-chain excitons, whereas the regioregular material has a larger inter-chain component. 6 We demonstrate that the polymer chain morphology can be further influenced through both the film annealing temperature and the choice of solvent for the polymer deposition. Fig. 2 compares the absorption spectra of various regioregular P3HT films as a function of annealing temperature. As the annealing temperature is increased from no annealing (ambient room temperature) to o C annealed sample. The fill factor increases from 30% for the nonannealed sample to 35% for the annealed sample. Measurements of the hole mobility in annealed and non-annealed P3HT are in progress, to verify whether the increase in solar cell performance is due to an increase in carrier mobility. 
Polymer solvent effects
The film morphology is also noticeably affected by the choice of organic solvent used for the polymer solution and deposition. Fig. 4 shows absorption spectra for non-annealed films spin-cast from chloroform and 1,2-dichlorobenzene solvents; the films are spun at 4000 rpm and 450 rpm, respectively, to achieve similar thickness. The strength of the two longer wavelength absorption peaks is increased for the 1,2-dichlorobenzene film. These spectral changes are similar to those observed in the annealing experiments, indicating the same type of increased order is occurring. We conclude that 1,2-dichlorobenzene promotes a higher degree of ordering in P3HT films than chloroform. Experiments comparing the photovoltaic performance of the different solvent devices are currently underway. 
CONCLUSIONS
We have shown that processing conditions strongly effect the morphology of polymer films, controlling the degree of polymer chain ordering and giving improved photovoltaic performance in organic-based solar cells. The degree of order increases for increasing annealing temperatures ranging from 100 -200 o C. The choice of solvent for the polymer also has a strong effect, with 1,2-dichlorobenzene films showing higher order than comparable films spun from chloroform solutions.
